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Abstract: Orthorectification and mosaicing are two important steps in the design of 
input application strategies for precision agriculture. Images with low spatial 
resolution and big georreferencing errors are not useful to obtain good quality 
maps. In this paper we tried to compare the usefulness between two different 
pieces of software for orthorectificacion and mosaicing of remote images. 
Furthermore, we studied the spatial resolution requirements and minimum 
number of tie points/GCPs needed to obtain good quality orthomosaics. These 
orthomosaics have to be ready to be used to detect weeds in crops and to obtain 
high precision prescription maps. 
1. Introduction 
A new era of remote sensing is emerging with the arrival of unmanned aerial 
vehicles (UAVs) for civil applications. Scientific interest in this type of platforms is 
growing, and a number of experiences have already been reported. Miniaturization 
and cost reduction of inertial sensors, GPS devices, and embedded computers have 
enabled the use of a new generation of autopilots for inexpensive model aircrafts 
(Esposito et al, 2007). 
With the development of high-spatial-resolution imagery, the impact of errors in 
geographic co-registration between imagery and field sites has become apparent 
and potentially limiting for classification application, especially those involving 
patchy target detection (Weber et al. 2008). 
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Images taken from Unmanned Aerial vehicles (UAVs) normally cover a smaller area 
than the study parcels. For this reason, it is necessary to take several images during 
one or several flights to acquire a sequence or collection of images and later 
combine them to form one unique image of the field. Each image shows distinct 
point of view and viewing angles, leading to geometric distortion of each image. 
For this reason, combining all the images to obtain a complete orthophoto of the 
field requires a process of orthorectification to make a mosaic image of the area. 
This orthophoto should have the high-quality landscape metric, minimum geo-
reference errors and accurate correlation matching, which must guarantee imagery 
inter-operability from consecutive flights executed over the same field. 
Direct geo-referencing is the process of registering an image frame to a map 
coordinate system through direct measurement of the image exterior orientation 
parameters by a GPS (Global Positioning System) and IMU (Inertial Measurement 
Unit) at the moment of exposure. Such direct geo-referencing further incorporates 
a predefined model of the sensor’s interior orientation parameters. These 
parameters include location of the image sensor relative to a map coordinate 
system (x, y, z) and its perspective orientation (i.e., pitch, yaw, and roll) around that 
point (Skaloud 1999). The model for transforming between the image coordinate 
system and map coordinate system, including correction for bore-sight 
misalignment, was developed by Grejner-Brzezinska (1999). 
There is some available software to achieve the orthorectification and mosaicing 
processes, and two of the main are Erdas-LPS and MICMAC. LPS is one of the most 
used and powerful available software and MICMAC is other of the available 
photogrammetric tool able to complete the process and indeed is free software. 
The main objectives of this work are: 
– To test some of the main available software for orthorectification and 
mosaic remote images. 
– To transform the spatial resolution of a sequence of images over an 
agricultural area in order to orthorectify and to mosaic them by using 
ERDAS-LPS. 
– To determine the effects of spatial resolution over the quality of remote 
imagery mosaics. 
– To assess the number of tie points required to mosaic remote images in 
agricultural areas at every of the spatial resolution essayed. 
2. Tested software 
2.1 ERDAS-LPS 
LPS is a complete suite of photogrammetric production tools for triangulation, 
generating terrain models, producing orthomosaics and extracting 3D features. It 
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supports panchromatic, colour and multispectral imagery with up to 16 bits per 
band. This software works as an ERDAS’ module. 
LPS maximizes productivity with automated algorithms, fast processing, and a tight 
focus on workflow. A unique workflow toolbar guides users through projects from 
beginning to end (Figs. 1 and 2). The LPS Project Manager enables easy monitoring 
of the progress of all projects, whether they are completed step-by-step or with 
extensive use of LPS’ batch processing functionality. 
 
 
Fig. 1. Main interface of the LPS software 
 
LPS increases accuracy through state-of-the-art photogrammetric and image 
processing algorithms for automatic point measurement, triangulation, automatic 
terrain extraction and sub-pixel point positioning. 
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Fig. 2. Auto-Tie Point generation interface of the LPS software 
2.2 MICMAC 
This is a set of software photogrammetric tools written in C++ that, under certain 
conditions, allow computing a 3D modeling from a set of images. 
MICMAC is a tool for image matching made by the French National Geographic 
Institute (IGN). It is a general purpose tool. One of its expected advantages is its 
generality. It has been used in a lot of different contexts, for example: 
- Digital terrain model in rural context from pairs of satellite images, with 
exact or approximate orientation; 
- Digital elevation model in urban context with high resolution multi-
stereoscopic images; 
- Detection of terrain movements; 
- 3D modelization of objects (sculptures) or interior and exterior scenes; 
- Multi-spectral matching of images registration. 
This generality comes with a price: it requires a lot of parameterization which 
sometimes turns to be quite complex. For 3D computation, MICMAC works only 
with oriented images like the ones resulted from classical aero-triangulation 
process (Fig. 3). 
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Fig. 3. Main interface of the MICMAC software 
 
Using this software the photogrammetric processing chain follows three main 
major phases: 
- Matching pictures with the module PASTIS: this step detects in each image 
a set of points using SIFT algorithm (Lowe 2004) which will automatically 
search for counterparts other images of the site. 
- The calculation of calibration and aerial triangulation with the module 
APERO: this module allows calibrating the cameras and determining the 
positions and orientations of the different peaks of shots. 
- The correlation with the dense module MICMAC: this software allows 
using  the previous data recorded and images to generate depth maps and 
clouds of points. 
Therefore, it is s necessary to use tree different software to complete the process 
(Fig. 4). 
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Fig. 4. Step by step process using MICMAC software 
MICMAC is open source software, under the CeCILL-B license (an adaptation to the 
French law of the L-GPL license). 
 
3. Area of study and Materials 
A sequence of aerial imagery was taken by L’Avion Jaune Company on 20-May2011 
at Castries (Montpellier) (Fig. 5 and 6). Flights were at low altitude in order to 
simulate a usual UAV way of workCharacteristics of the images: 
- Flying area: Castries (France). 
- Focal length: 50 mm. 
- Flying altitude: 150 m. 
- Image size: 5870x3888 pixels. 
- Original image size: 6080+4048. 
- Pixel Size (PS): 5.940 μm. 
- Optical centre: 105/80. 
- Projection: 
 Lambert_Conformal_Conic (GCS-RGF-1993). 
 Datum: D_RGF_1993. 
 France transformation grille: RGF93 / Lambert 93 (2154) 
- Number of images: 19 (named from 7804 to 7823). 
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4. Methods 
The following steps were carried out: 
First of all, to select the proper images from Castries (May 20th) according to a 
criteria based on sufficient overlapping and a similar flight direction between them. 
7823 
7818 
Fig. 5. Castries study area (Montpellier, France)
Fig. 6. Sequence of six images (numbered from 7818 to 7823) taken at 
Castries. Image contours are marked in purple and image overlapping in 
white
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Secondly, to transform the original images selected in the previous step from a 
three bands (RGB) and one band (NIR) formats to a four bands (B, G, R and NIR) 
final images. 
Then, to combine the image pixels (1 x 1; 3 x 3; 6 x 6; and 11 x 11 pixels) in order to 
obtain four sequences of images at different spatial resolutions (1.8; 5.3; 10.7; and 
19.6 cm) each one, according to the following equation: 
GSD
PS
H
f                                                             (1) 
where: 
f= Focal length (mm) 
H= Aircraft altitude (m) 
PS= Pixel size on the camera lens (mm) 
GSD= Spatial resolution of the image (m) 
Finally, to orthorectify and mosaic the four sequences of images using the 
aerotriangulation method by mean of LPS software and geo-referenced ground-
truth field data or ground control points (GCPs). 
 
5. Results and discussion 
5.1 Software comparison 
-Kind of Interfaces. 
There are roughly three kinds of interfaces for software: 
a. User friendly graphical interface, with intuitive menu and window etc. Its 
advantage is that it may be usable by all final user; the drawback of this solution 
being the cost for the developer; 
b. API or application programming interface. Using this level of interface 
requires that you can use one of the programming language the API is functioning 
with; one of the drawbacks of these API is that they require a lot of documentation; 
c. A set of programs that you can call on a command line, with parameters 
being added on a command line or included in a file. 
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The tools needed to manage LPS are of the first kind of interface; however 
MICMAC use the third kind one (although a friendly graphical interface of MICMAC 
is under development). For this reason, it is not easy to manage MICMAC. 
- Price: While LPS is commercial software, MICMAC is free software. This has 
become the main reason to choose MICMAC. 
- Operative System: LPS can be used in Windows OS while MICMAC can be used in 
Linux-Ubuntu. Both OS are well known and are planned to be used in RHEA. 
- Usually, it is necessary to take some manual tie points using LPS; however 
MICMAC does not offer the chance to do it manually if it is necessary. 
- Working in batch mode is easier using MICMAC than LPS. 
- Practical management: in our own experience, we were able to start using LPS 
after three days of training. On the other hand, after one week course and one 
month more of practising, we hardly can finish the first step of the three needed to 
use MICMAC. 
- Other characteristics: while LPS having the possibility to fix manually the 
overlapping fails and can homogenise differences between images, MICMAC has 
not a similar tool. 
There is a brief resume of the main characteristics on Table 1. 
Table 1. Comparison between tested software 
 Interface Price 
Operative 
System 
Tie point 
generation 
Batch mode
Practical 
management 
ERDAS-LPS 
User 
friendly 
Commercial 
software 
Windows
Manual + 
Automatic 
Yes Easy to use 
MICMAC 
Command 
line 
Free software Linux Automatic Yes Not easy to use 
5.2 Image mosaicing 
The selected images where: 7818-7819-7820-7821-7822-7823 and all of these were 
resized to the selected spatial resolutions (Fig. 7). 
 
Fig. 7. Example of transformed images at different spatial resolutions: 1.8, 5.3, 10.7 
and 19.9 cm, from left to right respectively 
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In every sequence of images, no automatic tie points were generated by LPS 
software unless that two pairs of tie points were taken manually for every pair of 
adjacent images. The Table 2 shows the number of tie points per image that were 
generated automatically by the software. The number of tie points varied from 35 
in the image with higher spatial resolution to 0 in the images with lower resolution. 
That shows that it was more difficult to find tie points in the images with lower 
spatial resolution (pixel > 19 cm). 
 
Table 2. Number of tie points automatically generated by LPS software per single 
image at the different spatial resolutions essayed 
 Image Number
Spatial Resolution (cm) 7818 7819 7820 7821 7822 7823 
1.8 13 34 31 27 35 18 
5.3 15 30 29 29 31 16 
10.7 6 14 8 4 7 3 
19.6 3 3 0 0 0 0 
 
The minimum number of tie points needed by the software to achieve the 
aerotriangulation process is 6 per image. This is because with less than 6 points 
there is no enough relative orientation between images. However, not every image 
at every spatial resolution has reached this minimum number. So that, some tie 
points had to be taken manually to obtain the number of tie points needed. 
To obtain a geo-referencing error (Root Mean Square Error, RMSE) lower than 2 
cm, the number of tie points had to be increased (Table 3). For this purpose, we 
used the “tie point generation menu” several times. In the sequences of images 
with 1.8 and 5.3 m spatial resolution, new points were generated by the software; 
however, for the 10.7 and 19.6 m pixel sequences, no more points were 
automatically generated again and therefore, they had to be taken manually. 
The Table 3 shows the number of pairs of tie points required to obtain a good 
orthorectification by LPS (RMSE lower than 2 cm). The number of tie points 
increased from 32 to 165. It was necessary to use more tie points in the images 
with higher spatial resolution, but a number of 16 tie points was acceptable to 
obtain convergence between images in any of the studied images. 
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Table 3. Number of pairs of tie points needed to obtain a good orthorectification 
(RMSE <2 cm) at every spatial resolution essayed and using 16 GCPs 
Spatial Resolution (cm) 1.8 5.3 10.7 19.6
Tie points 165 122 32 32
 
 
Fig. 8. Example of mosaic (5 cm of spatial resolution) 
 
6. Conclusions 
Two different kinds of software have been tested and there are some reasons to 
decide for one or other, but most of them are in the LPS side. 
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At lower spatial resolutions is more difficult to distinguish the smaller objects in the 
images. This is due to the images taken in crop scenarios become more 
monotonous and present serious limitations to find the tie points between pairs of 
adjacent images. 
Images with higher spatial resolution are more complex than the others, and it is 
necessary to use a higher number of tie points to carry out the orthorectification 
and mosaicing processes. 
The number of ground control points used (16) was adequate to orthorectify and 
mosaic every sequence of images at every of the spatial resolution studied. 
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